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Title: Process for . regenerating a used precious metal 

\) 

catalyst 

The present invention is directed to a process for 
regenerating a used precious metal catalyst by redispersing 
the precious metal , Regeneration of used precious metal 
catalysts is an important aspect of this type of catalyst 
5 technology, intended to extend the lifetime of the precious 
metal catalyst. Regeneration is generally performed in three 
steps, namely 1) Removal of carbonaceous deposits (usually by 
burning) , 2) redispersion of the precious metal, and 3) 
reduction of the redispersed precious metal. 

10 Various methods for regeneration of used precious 

metal catalyst by redispersion of the precious metal on the 
support are known. Generally the redispersion is done by 
treatment with oxygen, CI2 or Bic^, 

In a review article of J.B. Butt and E.E. Petersen in 

15 Activation, Deactivation and Poisoning of Catalyst, Academic 
Press (1988), pp 214 to 232, it has been indicated that the 
following general types of redispersion procedures have been 
suggested: 1) thermal treatment in an oxygen atmosphere, 2) 
thermal treatment in oxygen followed by reduction in 

2 0 hydrogen, 3) high temperature treatment followed by rapid 
cooling or 4) chemical dissolution of contaminants and 
redispersion of the metal. In this article it has been 
indicated that the behaviour of a catalyst in redispersion 
experiments is very much dependent on the nature of the 

25 support. A platinum on alumina catalyst can for example be 
redispersed using air, whereas platinum on silica behaves 
totally different. 

In WO-A 95/23643 a process has been described for the 
catalytic treatment of waste water, using a precious metal 

30 catalyst, which process includes as part of the overall 

process the regenerating of the catalyst. The regeneration of 
the catalyst which is a palladium on silica/carbon, is done 
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by washing with an organic solvent, and/or acid and/or by 
thermal treatment . 

In US-A 3,804,777 a process has been described, 
wherein lead contaminants present in a precious metal 
5 catalyst are dissolved by percolating a dilute acid at 
* ambient temperature through the catalyst, followed by 

treatment with hydrogen at about 100°C. 

The present invention deals with a process for 
regenerating a precious metal catalyst on an amorphous silica 
10 alumina support. The inventors of the present invention have 
found that the conventional methods, for example such as 
reported by Butt et al , but also the methods using chlorine 
or bromine do not result in an increase of dispersion, as 
will be shown in the examples to be reported herein. Various 
15 known methods result in a decrease of the degree of 
dispersion. 

It is an object of the present invention to provide a 
method for redispersing the precious metal present in a 
catalyst based on an amorphous silica-alumina support. 

2 0 The process according to the present invention for 

the regeneration of a catalyst, said catalyst comprising at 
least one precious metal on an amorphous silica alumina 
support, comprises impregnating the catalyst with an acid, 
followed by reduction or oxidation of the impregnated 
25 catalyst at a temperature above 200^C. 

The regeneration of the catalyst, as used herein, 
indicates a redispersion of the said at least one precious 
metal over the surface of the support . 

Surprisingly it has been found that the use of an 
30 acid in a liquid state, such as an aqueous solution, followed 
by the specific thermal treatment results in a redispersion 
of the precious metal on the support, whereas other methods 
result in a decrease of the degree of dispersion. 
V Suitable precious metals for use in the catalyst to 

3 5 be regenerated by the process according to the present 

invention are platinum, palladium, gold, iridium, rhenium. 



wo 99/67023 PCT/NL99/00389 



ruthenium, rhodium, osmium and silver. Also combinations of 
two or more of those precious metals can be used. So it is 
possible to use a combination of at least one of those 
precious metals with one or more other metals. The preferred 
5 catalyst to be regenerated by the process of the present 
invention is based on platinum and/or palladium. 

The precious metal catalysts to be regenerated by the 
process of the present invention have generally been used for 
reactions involving hydrogenation, such as hydrogenation 

10 itself, hydro- isomerisat ion, hydro-desulf urisation and hydro- 
dewaxing. The may also have been used in dehydrogenation 
reactions, such as catalytic reforming. Once the performance 
of the catalyst decreases below a certain level the catalyst 
is regenerated. In some processes it is also usual to perform 

15 regeneration simply after a certain amount of time has 
passed, without waiting for a decrease of the activity. 

The catalyst to be regenerated is, either in the 
reactor or in a separate plant, prepared for the actual 
redispersion experiment. This step includes the removal of 

2 0 carbonaceous deposits and other unwanted material on the 
catalyst . This can for example be done by washing using a 
suitable solvent and/or by burning of the contaminants. 

Subsequently the catalyst is impregnated with an 
acid, preferably in an aqueous solution. Suitable acids are 

2 5 the usual mineral acids, including HCl , H3PO4, H2SO4, HNO3, 

HBr, or combinations of two or more of these acids. The 
amount of acid on the basis of the ratio of equivalents of 
acid to atoms of precious metal is between 0.1 and 100, 
preferably between 0.5 and 10. After impregnating the 

3 0 catalyst with the acid, the impregnated catalyst is either 

reduced in a flow of hydrogen gas or oxidised in a flow of 
dry air, followed by reduction. In a more preferred 
embodiment both reduction and oxidation are carried out at a 
.J temperature of at least 2 50 °C and more in particular between 

35 250°C and 600°C. 
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After the final reduction step a supported catalyst 
is obtained usually having approximately the same degree of 
dispersion as the original catalyst. Sometimes the treatment 
even results in an increase of degree of dispersion. It is to 
5 be noted in this respect that the degree of dispersion is 

related to the precious metal crystallite size. The degree of 
dispersion can for example be determined by CO-chemisorption, 
whereby the amount of CO absorbed by the precious metal gives 
an indication of the number of metal atoms available on the 

10 surface of the metal crystallites. A larger amount of 

chemisorbed CO indicates a higher degree of dispersion, i.e. 
a smaller metal crystallite size. 

An important aspect of the present invention resides 
therein that the catalyst to be regenerated is based on an 

15 amorphous silica alumina support. On the support a precious 
metal is present preferably in an amount of from 0.001 to 
5 wt.%, calculated on the weight of the catalyst (in reduced 
form) . The amorphous silica-alumina support is preferably 
prepared using a sol -gel method, whereas the support has an 

20 Si/Al atomic ratio of between 0.1 and 300. As has been 

indicated before, the type of support is extremely important 
in the selection of the regeneration method. 

The present invention is now elucidated on the basis 
of a number of experiments. 

25 

EXAMPLES 



In the examples the effect of various treatments on 
3 0 the dispersion of 0.7 wt . % platinum on a silica-alumina 
support having an Si/Al atomic ratio of 8 is shown. The 
catalyst support is prepared by a sol -gel method as for 
example described in International patent application 
PCT/lsrL98/00090 . The fresh catalyst had an CO/Pt ratio of 
3 5 0.25, which is a measure for the degree of dispersion of the 
precious metal . 
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Samples of this catalyst were subjected to various 
treatments, which are described in the subsequent table, 
together with the result thereof. 



Table 1 Redispersion experiments for Pt/silica-alumina 



treatment 




CO/Pt 


none 




0 .25 


air 400°C 




0 .25 


air 500*^0 




0 .23 


500°C, 0.8% CI, 5% H20, 


2h 


0 . 12 


530°C, 0.8% CI, 5% H20, 


4h 


0 . 07 


530^C, 0.8% CI, 5% H20, 


2h 


0 . 07 


HCl imp, dry air 400°C 




0 .31 


HCl imp, H2 300°C 




0.33 


HCl imp, wet air 400^C 




0 . 07 


HCl imp, wet HCl 200°C 




0 . 12 



As can be seen from this table, treatment with air 
had almost no influence, whereas treatment with a gas flow 
containing chlorine and water strongly decreased the 
dispersion. Also impregnating with hydrochloric acid, 
followed by wet air or wet hydrochloride at increased 
temperature resulted in a strong decrease of degree of 
dispersion. Only acid impregnation followed by treatment with 
dry air and hydrogenation, or acid impregnation followed by 
hydrogenation only, showed an improvement in the degree of 
dispersion. 
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Claims 



1 . 



Process for the regeneration of a catalyst, said 



5 



10 



15 



20 



25 



30 



catalyst comprising at least one precious metal on an 
amorphous silica-alumina support, in which process the 
catalyst is impregnated with an acid, followed by reduction 
or oxidation of the impregnated catalyst at a temperature 
above 200''C. 

2. Process according to claim 1, wherein the precious 
metal is at least one of Pt , Pd, Au, Ir, Ru, Rh, Re, Os and 
Ag, preferably Pt and/or palladium. 

3. Process according to claim 1 or 2 , wherein the degree 
of dispersion is increased after the regeneration. 

4. Process according to claims 1-3, wherein the acid 
impregnated catalyst is reduced in a flow of hydrogen gas. 

5. Process according to claims 1-4, wherein the acid 
impregnated catalyst is oxidised in a flow of dry (<0.1 vol . % 
of water) air, followed by reduction. 

6. Process according to claims 1-5, wherein the 
reduction and or oxidising step are carried out at a 
temperature of between 250 and 600°C. 

7. Process according to claims 1-6, wherein the silica- 
alumina support has been prepared using a sol -gel method. 

8. Process according to claims 1-7, wherein the support 
has an Si-Al atomic ratio of from 0.1 to 3 00. 

9. Process according to claims 1-8, wherein the catalyst 
has a precious metal content of from 0.01 to 5 wt.%, 
calculated on the basis of the weight of reduced catalyst. 

10. Process according to claims 1-9, wherein the catalyst 
is impregnated with an aqueous solution of the acid. 

11. Process according to claims 1-10, wherein the acid is 
selepted from the group of HCl , H3PO4, H^SO^, HNO3, HBr and 
combinations thereof . 
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12. Process according to claims 1-11, wherein the amount 
of acid calculated on the basis of a ratio of equivalents of 
acid to atoms of precious metal is between 0.1 and 100, 
preferably between 0.5 and 10. 

13. Process according to claims 1-12, wherein prior to 
the impregnation, carbonaceous deposits on the catalyst are 
burned off . 

14. Process according to claim 1-13, wherein the 
regeneration is carried out in a reactor, separate from the 
reactor in which the catalyst is used. 

15. Process according to claims 1-14, wherein the 
catalyst is a used catalyst from a process in the group 
consisting of hydrogenation , hydro- isomerisat ion, hydro- 
desulf urisation, hydrodewaxing and catalytic reforming. 

16. Process for hydrogenation, hydro-isomerisation, 
hydro-desulf urisation or hydrodewaxing, comprising treating 
the feedstock in the presence of a catalyst that has been 
regenerated using the process of claims 1-15. 



INTEtf^TIONAL SEARCH REPORT 



'ational Appttcation No 



l-uf/NL 99/00389 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 801038/60 B01J23/96 



According to International Patent Classtfication (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched ^classifi cation system toliowed by classification symbols) 

IPC 6 BOIJ 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant fo claim No. 



us 3 804 777 A (CANAVESI R ET AL) 
16 April 1974 (1974-04-16) 

claims 1,2 
column 1, line 30 - line 34 



FR 2 325 289 A (INST FRANCAIS DU PETROL) 
15 April 1977 (1977-04-15) 
claims 1,4 
page 8, line 10 - line 20 

CH 486 498 A (KNAPSACK AKTIENGESELLSCHAFT ) 
28 February 1970 (1970-02-28) 

US 3 879 311 A (SCHOTT STUART ET AL) 
22 April 1975 (1975-04-22) 

-/-- 



1,2, 

9-11. 

14-16 



6 
6 



Further documents are listed in the continuation of box 0. 



Patent family members are listed in annex. 



Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
'E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which IS cited to establish the publication date ot another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or prionty date and not in conflict with the application but 
cited to understand the principle or theory undertying the 
invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

17 September 1999 


Date of mailing of the international search report 

29/09/1999 


Name arKj mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Thion, M 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



TIONAL SEARCH REPORT 



national Application No 

hCT/NL 99/00389 



^(Continuation) DCXiUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication.where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 778 085 A ( EKA CHEMICALS AB ) 
11 June 1997 (1997-06-11) 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



TiONAL SEARCH REPORT 

ation on patent family members 



Patent document 
cited in search report 



Publication 
date 



ational Application No 

Puf/NL 99/00389 



Patent family 
mernl)er(s) 



Publication 
date 



US 3804777 



16-04-1974 



CH 537210 A 

DE 2136699 A 

FR 2103247 A 

GB 1308414 A 

JP 51047675 B 

NL 7110034 A 

YU 191971 A,B 



13-07-1973 

24- 02-1972 
07-04-1972 
21-02-1973 
16-12-1976 

25- 01-1972 
30-04-1979 



FR 2325289 



15-04-1977 



NONE 



CH 486498 A 28-02-1970 



BE 


683856 


A 


16- 


-12- 


1966 


DE 


1243156 


B 








DE 


1542257 


A 


16- 


-04- 


1970 


DK 


128269 


B 


01- 


-04- 


1974 


FR 


1510844 


A 


05- 


-04- 


1968 


GB 


1084159 


A 








LU 


51465 


A 


06- 


-09- 


1966 


NL 


6609548 


A,B 


10- 


-01- 


1967 


SE 


328562 


6 


21- 


-09- 


1970 


US 


3488295 


A 


06- 


-01- 


1970 



US 3879311 A 22-04-1975 



AU 


6828174 


A 


30- 


-10- 


1975 


BE 


814275 


A 


28- 


-10- 


1974 


CA 


1018506 


A 


04- 


-10- 


1977 


DE 


2420374 


A 


07- 


-11- 


1974 


FR 


2227049 


A 


22- 


-11- 


1974 


GB 


1473217 


A 


11- 


-05- 


1977 


IT 


1010127 


B 


10- 


-01- 


1977 


JP 


50013292 


A 


12- 


-02- 


1975 


NL 


7405672 


A 


29- 


-10- 


1974 



EP 0778085 A 11-06-1997 CA 2191687 A 05-06-1997 

JP 9173872 A 08-07-1997 
NO 965069 A 05-06-1997 



Form PCT/ISA/210 (patent tamily annex) (July 1992) 



